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ABSTRACT 



Aims. The emission of warm dust dominates the mid-infrared spectra of active galactic nuclei (AGN). Only interferometric observa- 
tions provide the necessary angular resolution to resolve the nuclear dust and to study its distribution and properties. The investigation 
of dust in AGN cores is hence one of the main science goals for the MID-infrared Interferometric instrument MIDI at the VLTI. As 
the first step, the feasibility of AGN observations was verified and the most promising sources for detailed studies were identified. 
Methods. This was carried out in a "snapshot survey" with MIDI using Guaranteed Time Observations. In the survey, observations 
were attempted for 13 of the brightest AGN in the mid-infrared which are visible from Paranal. 

Results. The results of the three brightest, best studied sources have been published in separate papers. Here we present the inter- 
ferometric observations for the remaining 10, fainter AGN. For 8 of these, interferometric measurements could be carried out. Size 
estimates or limits on the spatial extent of the AGN-heated dust were derived from the interferometric data of 7 AGN. These indicate 
that the dust distributions are compact, with sizes on the order of a few parsec. The derived sizes roughly scale with the square root 
of the luminosity in the mid-infrared, s oc YLmir, with no clear distinction between type 1 and type 2 objects. This is in agreement 
with a model of nearly optically thick dust structures heated to T ~ 300 K. For three sources, the lO/jm feature due to silicates is 
tentatively detected either in emission or in absorption. 

Conclusions. The faint AGN of the snapshot survey are at the sensitivity limit of observations with MIDI. Thus, the data set presented 
here provides a good insight into the observational dilficulties and their implications for the observing strategy and data analysis. Based 
on the results for all AGN studied with MIDI so far, we conclude that in the mid-infrared the differences between individual galactic 
nuclei are greater than the generic differences between type 1 and type 2 objects. 

Key words, galaxies: active - galaxies: nuclei - galaxies: Seyfert - techniques: interferometric 



1. Introduction 

In the standard model for active galactic nuclei (AGN), the cen- 
tral engine, consisting of a hot accretion disk around a super- 
massive black hole in the centre of a galaxy, is assumed to be 
surrounded by a geometrically thick torus of obscuring gas and 
dust. These dusty tori are held responsible for redistributing the 
optical and UV radiation from the hot accretion disk into the 
mid- and far-infrared as well as for the type 1 / type 2 dichotomy 
of AGN. In type 2 AGN, the torus is thought to be oriented 
edge-on so that it blocks the view towards the central engine; in 
type 1 AGN the torus is oriented face-on, allowing a direct view 
towards the central engine. The two types of AGN are hence 
considered to be intrinsically the same with any differences in 
their appearance arising from orientation effects (for a review. 



see lAntonuccil 1 1 9931) . However, this concept faces difficulties, 
as geometrically thick structures orbiting compact objects are 
expected to collaps to a th in disk within a few orbital periods 
(iKrolik & Begelmanll988l) . Therefore, diff'erent theoretical con- 
cepts for the nuclear dust distribution and obscuring medium are 
currently being discussed. These inc lude clumpy dusty tori - ei- 
ther s upported by radiation pressure (iPier & Krolikll99"2 ; Krolik 
2007), by elastic collisions of t he clouds (IKrolik & BegelmanI 



1988 



Beckert & Duschl 



2004 or by upern ova explosions 
Schartmann et al.ll2009l) -. clumpy d isk 



* Based on Guaranteed Time Observations of the MIDI consor- 
tium collected at the European Southern Observatory, Chile, pro- 
gramme numbers 076.B-0038(A), 077.B-0026(B), 078.B-003I(A), 
079.B-01 80(A), 080.B-0258(A) and 081.D-0092(A). 



dWada & Normanl . _ 

winds (e.g. lKonid & Kartie"1994 ^EUtzur & Shlosmanll2006h or 
warped disks (e.g.[Navakshin 

The dusty tori are too small to be significantly resolved with 
single dish telescopes in the thermal infrared {A > 3 /im), even 
for 10 m class telescopes at the diffraction limit (with or without 
AO), which implies that t he dust distributions are rather com- 
pact with sizes <10pc (e.g. lSoifer et al. 2003; Horst et al. 200^. 
Until recently, the principle arguments for the existence of these 
tori were theoretical considerations and indirect observational 
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Table 1. Original list of targets for the MIDI SDT and GTO progranime on AGN. 



Galaxy 


Alternative 








L) 


A{1 pc) 


Coude guide star 


11.9;im 


name 


name 


KA (JzUUU) 


Dec (JzUUU; 


type 


[MpCj 


[mas] 




V [mag] 


UyJ 


(1) 




(3) 


(4) 


(j) 


(0) 


(') 


(8) 


(9) 


(10) 


NGC 253 




00 47 32.82 


-25 17 19.6 


HII 


3 


60 




none 


2.04 


NGC 1068 


M77 


02 42 40.70 


-00 00 48.0 


Sy 2 


14 


14 


57 


17 




NGC 1365 




03 33 36.38 


-36 08 25.7 


Sy 1.8 


18 


11 


65 


15 


0.61 


IRAS 05189-2524 


LEDA 17155 


05 21 01.40 


-25 21 45.3 


Sy2 


170 


1.2 




none 


0.55 


MCG-05-23-016 


ESQ 434-G040 


09 47 40.19 


-30 56 56.4 


Sy2 


35 


6 


22 


15 


0.65 


Mrk 1239 




09 52 19.10 


-01 36 43.5 


Sy 1.5 


80 


2.5 


54 


15 


0.64 


NGC 3256 




10 27 51.24 


-43 54 13.9 


HII 


40 


5 


32 


15 


0.55 


NGC 3281 




10 31 52.10 


-34 51 13.3 


Sy2 


45 


5 


22 


16 


0.63 


NGC 3783 




11 39 01.71 


-37 44 19.0 


Sy 1 


40 


5 


45 


17 


0.59 


NGC 4151 




12 10 32.63 


+39 24 20.7 


Sy 1.5 


14 


15 




none 




3C 273 




12 29 06.70 


+02 03 08.6 


QSO 


650 


0.3 


53 


14 


0.35 


Centaurus A 


NGC 5128 


13 25 27.62 


-43 01 08.8 


FRI 


4 


54 


44 


13 


1.22 


IC 4329A 


ESO 445-G050 


13 49 19.35 


-30 18 34.4 


Sy 1.2 


65 


3.1 


58 


17 


0.35 


Mrk 463E 




13 56 02.89 


+ 18 22 18.2 


Sy 1/2 


200 


1.0 




none 


0.34 


Circinus 


ESO097-G013 


14 13 09.95 


-65 20 21.2 


Sy2 


4 


50 


50 


12 


9.70 


NGC 5506 


Mrk 1376 


14 13 14.88 


-03 12 27.7 


Sy 1.9 


25 


8 




none 


0.91 


NGC 7469 


Mrk 1514 


23 03 15.68 


+08 52 26.3 


Sy 1.2 


65 


3.1 


13 


15 


0.41 


NGC 7582 




23 18 23.63 


-42 22 13.1 


Sy 2 


22 


10 


54 


17 


0.67 



Notes: The columns are: (1) the name of the galaxy used in this paper; (2) an alternative name for the galaxy; (3) and (4) the coordinates of the 
nucleus used for the MIDI observations or, if no observations were carried out, the 2MASS coordinates; (5) the galaxy type (from NED); (6) the 
distance to Earth assuming Hq = 73kms"' Mpc"'; (7) the angular size corresponding to 1 pc in the target; ( 8) the angular distance ifi and (9) the 
visual magnitude V of the best Coude guide star (if present); (10) the flux at 11.9 fim from lRaban et al.l2008l 



evidence such as the spectral energy distributions of AGN and 
the polarisation properties of Seyfert 2 nuclei. 

The instrumental means to spatially resolve the nuclei of 
active galaxies at infrared wavelengths became available only 
with the advent of sufficiently sensitive interferometric instru- 
ments. One of these is the MID-infrared Interferometric instru- 
ment (MIDI) at the Very Large Telescope Interferometer ( VLTI), 
located on Cerro Paranal in northern Chile and operated by the 
European Southern Observatory (ESO). Apart from two obser- 
vations in the near-infrared with other interferomers, namely of 
the Seyfert I gala xy NGC 4151 with the Keck interferometer 
dSwain et al.ll2()03h and of the Seyfert 2 galaxy NGC 1068 wit h 
the VINCI instrument also at the VLTI dWittkowski et al.ll2004 . 
MIDI is currently the only interferometer to successfully observe 
active galactic nuclei in the infrared wavelength range. 

The first AGN to be targeted by MIDI was the brightest AGN 
in the mid-infrared, NGC 1068. These observations were car- 
ried out during the Science Demonstration Time (SDT) of the 
instrument and succeded in resolved th e nuclear dust emission 
jJaffe et al.1 120041: iPoncelet et al.ll2006l) . This demonstrated the 
great potential of MIDI for the investigation of AGN. Further 
MIDI observat ions of NGC 1068 were subsequently carried out 
in Open Time (iRaban et al.ll2009l) . 

Using mainly Guaranteed Time Observations (GTO), the 
two next brightest AGN, the radio galaxy Centaurus A and the 
Circinus galaxy, a Seyfert 2 g alaxy, were studied with M IDI. 
The results w e re pub lished in iMeisenheimer et aTl (l2007h and 
iTristram et al.l ( |2007|) respectively. The MIDI observations of 
NGC 1068 and the Circinus galaxy have directly confirmed that, 
indeed, compact AGN heated dust structures on the scale of 
a few parsecs exist in Seyfert 2 galaxies and that it is possi- 
ble to determine their siz e as well as their orientations with re- 
spect to the source axis (Jaff^e et al."2004^, iPoncelet et al.ll2006l: 
ITristram et al. 2007 and Raban et al. 2009t). On the other hand, 
the mid-infrared flux from Centaurus A is dominated by an un- 
resolved core (most likely the high-frequency tail of the radio 



core) which is surrou nded by a low luminosity "dust disk" of 
about 0.6 pc diameter dMeisenheimer et aLll2007l) . 

Apart from these three well studied sources, all other AGN 
which can potentially be observed with MIDI are less bright in 
the mid-infrared and are close to, or at, the sensitivity limit of 
MIDI. In order to determine which AGN are suitable for further 
study with MIDI, a snapshot survey of potential targets was car- 
ried out during GTO. In this survey, each source on the target list 
was to be observed at least once in order to test for the feasibility 
of MIDI observations as well as to obtain first estimates for the 
basic mid-infrared properties of the target sources. The results 
of this survey are presented in this paper 

The paper is organised as follows: Sect. |2]describes the orig- 
inal target list together with the properties of the sources; in 
Sect. [3] the general observational strategy as well as the general 
challenges for the data reduction are presented; in Sect. H] the 
results for the individual sources are discussed, while in Sect. |5] 
a summary of the observational results is given. The discus- 
sion and the conclusions are found in Sects. |6] and |7] respec- 
tively. A more detailed discussion of the observations and the 
data reduction procedures for the individual sources is given in 
Appendix IaI 

2. Target list 

The original list of targets for both the GTO and t he SDT (see 
Table [TJ contains those 16 active galaxies from iRaban et"al] 
(120081) . plus NGC 1068, which are well observable from 
Cerro Paranal (Dec < +25°) and which were thought to be 
bright enough for MIDI observations (unresolved core flux 
^^coie ^ 0.35 Jy). Additionally, the prototypical Seyfert 1 galaxy 
NGC 4151 was included in the list. Because of its northerly po- 
sition at Dec = +39° 24', the latter does not rise more than 26° 
(corresponding to an airmass of 2.3) above the horizon at the 
location of the VLTI (24° 40' S). Despite the difficulty of ob- 
serving it from Paranal, it was also included in the list of GTO 
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Table 2. Overview of the observations and observation attempts for the sources from Table [T| 



It ill CIV\? 

VJdlclAy 


First / last 


Programme 


Coude 


Fringe 


JVCOUll Ui LilC iVlll^J. OUaCi VclLiUila 




observation 


number 


guiding 


tracks 




en 


(2) 


(3) 


(4) 


(5) 




NGC 253 


observed by S. Honig (no fringes detected) 








NGC 1068 


2003 Jun 15 


060.A-9224(A^ 


nucleus 


9 


b 


well resolved (Raban et al. 2009) 


* NGC 1365 


2006 Sep 11 


077.B-0026(B) 


nucleus 


7 




partially resolved (possibly elongated) 


* IRAS 05189-2524 


2006 Sep 11 


077.B-0026(B) 


nucleus 


1 


faint fringe detection only 


* MCG-05-23-016 


2005 Dec 19 


076.B-0038(A) 


star 




b\ 


partially resolved 


* Mrk 1239 


2005 Dec 19 


076.B-0038(A) 


nucleus 




b\ 


essentially unresolved 


NGC 3256 












not yet observed 


* NGC 3281 


2007 Feb 07 


078.B-0031(A) 


nucleus 


none 


no AO correction possible using the nucleus 


NGC 3783 


see Beckert et al. (2008) 








partially resolved 


* NGC 4151 


2007 Feb 07 


078.B-0031(A) 


nucleus 


2 




well resolved 




2007 Feb 07 


078.B-0031(A) 


nucleus 


I- 




possibly resolved 


Centaurus A 


2005 Mar 01 


074.B-0213(B) 


star 






oartiallv resolved (Meisenheimer et al. 2007) 


* IC 4329A 


2007 Feb 07 


078.B-0031(A) 


nucleus 


2 




unresolved 


Mrk 463E 












not yet observed 


Circinus 


2004 Jun 03 


060.A-9224(Ag 


star 




well resolved (Tristram et al. 2007) 


* NGC 5506 


2007 Feb 07 


078.B-0031(A) 


nucleus 


none 


no AO correction possible using the nucleus 


* NGC 7469 


2006 Sep 11 


077.B-0026(B) 


nucleus 


3 




well resolved 


NGC 7582 


observed by S. Honig (no fringes detected) 









" The first observations of NGC 1068 and the Circinus galaxy were carried out in SDT. 

* In the meantime, more observations than those listed here have been obtained for several of the original SDT and GTO targets in Open Time. 

Notes: The objects of the snapshot survey discussed in this paper are highlighted by boldface and marked by asterisks. The columns are: (1) the 
name of the galaxy (repeated from Table[T}; (2) the date and (3) ESO programme number of the first successful observation or the last unsuccessful 
observation attempt; (4) the type of Coude guiding used for the observations; (5) the number of successful fringe tracks obtained in SDT and GTO 
(without judgement on whether the data are useful or not) and (6) the result of the MIDI observations. 

3. Observations and data reduction 

3.1. The MIDI instrument 

MIDI is a two beam Michelson type interferometer producing 
dispersed fr inges in the N ban d over a wavelength range from 
8 to 13 fjm (iLeinert et al.ll2003l) . For our observations, the light 
of two of the 8.2 m unit telescopes (UTs) was combined at any 
one time. The incoming wavefronts from the two telescopes 
were corrected using the Multi Application Cu rvature Adaptive 
Optics system (MACAO. lArsenault et a02003b . All of the AGN 
in the snapshot survey were observed in high sensitivity (HIGH- 
SENS) mode and with low spectral resolution {A/dA x 30). This 
mode uses a NaCl prism after the beam combiner. As the main 
goal of this survey was to test for the feasibility of MIDI obser- 
vations, the two shortest baselines, UT2 - UT3 and UT3 - UT4, 
were used for most of the observing runs to obtain the highest 
possible correlated fluxes. An observation run planned for 2007 
May 05 with the longer UT2 - UT4 baseline was completely lost 
due to bad weather conditions. 

3.2. Observing sequence 

We now briefly discuss the observing sequence and data reduc- 
tion, while putting a special emphasis on the challenges in the 
context of sources at the detection limit of MIDI and the VLTI. 
A detailed descrip tion of the observing sequence can be found 
in lTristraml(l2007l) . The peculiarities of the observations and data 
reduction for the individual objects are discussed in AppendixlAl 
After the telescopes have been pointed at the source, the AO 
system, MACAO, must close the loop on its reference source. 
This can be either the nucleus of the source itself, or - if available 
- on a Coude guide star with V < 17 mag and within 57 arcsec 
of the source. For most of the sources this correction used the 



targets due to (1) its importance as the nearest and brightest type 

1 AGN and of (2) it being one of the two AGN observed by other 
interferometers. 

In preparation for the MIDI observations, high resolution 
imaging was carried out for most of the AGN on the tar- 
get list in the near-infrared with NACO, the adaptive optics 
assisted multi mode instrument of the Very Large Telescope 
dRousset et al.l2003l : lLenzen et al.l2003h . and in the mid-infrared 
wi th TIMMI2 the Thermal Infrared Multi-Mode Instrument 

2 jKaufl et al.ll2003h . Essentially, all nuclei remain unresolved 
both in the near- and mid-infrared. The results of th e inves - 
tigation with TIMMI2 were published in iRaban et all (|2008|) : 
those of the investigation with NACO will be presented in 
iPrieto et al] din preparation!). The photo metric values of the tar- 



gets at 1 1 .9 fjm from Raban et al] ( |2008[) . for aperture sizes rang- 



ing from 1.2 arcsec to 2.6 arcsec, are listed in the last column of 
Table □ 

As the observations progressed, several galaxies from the 
original target list were released from the GTO protection 
without being observed. NGC 253, NGC 3256, NGC 3783, 
Mrk 463E, and NGC 7582 are among these galaxies released. 
For some of these sources, observations were attempted by other 
authors: NGC 3783 was successfully observed in Open Time by 
iBeckert et alj ( |2008|) : for NGC 253 and NGC 7582 no interfero- 
metric signal could be detected (Honig, private comm.). 

A summary of the observations and results for all the sources 
from the original target list is given in Table |2l The ten objects 
discussed in detail in this paper, that is, the sources of the snap- 
shot survey, are highlighted by boldface and marked by an aster- 
isk. 
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offset [arcsec] offset [orcsec] 




10 20 30 40 50 60 10 20 30 40 50 60 
pixels on detector pixels on detector 

Fig. 1. Final acquisition images of a) MCG-05-23-0 16 (observed 
2005 Dec 19) and b) NGC 1365 (observed 2006 Sep 11). Both 
sources have a total flux of about F ~ 0.5 Jy and NDIT = 16 000 
was used. The sources are barely recognisable due to the high 
number of frames. The residual background from the VLTI tun- 
nels is much stronger than the sources. A less even background 
would completely prevent a detection of the source. 

nucleus itself (see Table |2]i. In several cases, this turned out to 
be at the limit of the abilities of the MACAO system resulting 
in difficulties obtaining a stable correction. This was especially 
true for poor seeing conditions. 

The difficulty is largely that the AO corrections are deter- 
mined in the optical where the nuclei may be faint due to ob- 
scuration; in addition, the optical cores of the host galaxies are 
spatially extended. This issue will be further discussed in Sect. [5] 

The next step in the observing sequence is to align the beams 
from the two telescopes. This uses acquisition images made with 
each telescope. For our observations, the number of individual 
exposures had to be increased significantly from the standard 
value of NDIT = 1000 to, for instance, NDIT = 16 000 in or- 
der to make the source visible against the residual background. 
Even for such increased integration times, several of our sources 
were barely discernible against the residual background, as can 
be seen from Fig.[T] 

Since our observations in September 200 6, the VLTI infrared 
field-stabihser IRIS (InfraRed Image Sensor. lOitton et alj|2004h 
has been available. The purpose of IRIS is to stabilise the field 
of the beams by measuring the low-frequency tip-tilt directly in 
the VLTI laboratory, where MIDI is located. For sources bright 
enough in the near-infrared [K < 14 mag), IRIS guarantees the 
correct alignment of the beams during the observations. If one 
trusts that a proper alignment of the beams in IRIS also pro- 
duces a proper alignment of the beams in MIDQ, no acquisition 
images with MIDI itself are necessary. Nevertheless, we contin- 
ued to record acquisition images in later observing runs in or- 
der to verify the correct overlap of the beams and the quality of 
the source image with respect to the background emission. Only 
for two of the sources observed on 2007 Feb 07 (3C 273 and 
IC 4329 A) and for the last observation of NGC 1365 on 2007 
Nov 24, no acquisition images were obtained. 

After the beams are aligned, the beamsplitter, a 0.52 arcsec 
wide slit and the prism are inserted into the light path and a so- 

' The position of the photocentre of the source may, however, depend 
on the wavelength. Also, at high airmasses, the wavelength dependency 
of the atmospheric refraction leads to different apparent positions of 
the source in the near and mid-infrared which might lead to slightly 
different positions in MIDI and IRIS. 



ca\lsd fringe search is performed in order to determine the posi- 
tion of the zero optical path difference (OPD) between the two 
beams. If an interferometric signal was detected in the fringe 
search, the path difference is stabilised (except for a small mod- 
ulation) at or near zero OPD, while the spectrally dispersed 
interferometric signal is continuously recorded in order to in- 
crease the signal to noise ratio. This is the so-called /ri«§e track. 
Because the strong background emission in the mid-infrared is 
uncorrelated, it can be effectively removed during the data reduc- 
tion process by high pass filtering of the modulated fringe sig- 
nal in delay and frequency space. Therefore, no chopping needs 
to be performed during the interferometric measurements and 
a more stable AO correction is achieved. All of our observa- 
tions were carried out in "offset tracking" mode with the OPD 
stabilised at 50;um from zero OPD. This tracking mode is ad- 
vantageous for sky removal using a high pass filter in frequency 
space, as the signal is always modulated in wavelength; at zero 
OPD this is not the case. 

Finally, photometric data, that is, single dish spectra, are 
recorded using only one telescope at a time for an otherwise 
identical optical set-up. As for the aquisition, chopping is used 
to suppress the background. 

The entire procedure of acquisition, fringe search, fringe 
track and photometry is repeated for the calibrator star to obtain 
a single calibrated visibility point. 

3.3. Data reduction 

The data reduction was performed with EWS (Expert Work 
StatiorQ, Version 1.7), a data reduction package based on the 
coherent da ta reduction method. A detailed description of EWS 
is found in iJaffd (|2004|) . The parameters for the EWS data re- 
duction were smooth = 10, g smooth = 20, dave = 1 and 
nophot = 1, the last parameter meaning that we chose to di- 
rectly calibrate the correlated fluxes without using the photo- 
metric fluxes. The calibration used the database of stellar spectra 
from Roy van Boekel (private comm.). 

During the data reduction process, we noticed a secular drift 
of the position of the dispersed signal on the MIDI detector For 
data obtained in November 2007, the shift had become so large 
(~3 pixels = 0.26 arcsec) that the dispersed fringes and the spec- 
tra of the photometry were moving outside the standard EWS 
mask. For this reason, we constructed a separate mask for every 
observing run, taking into account the position and width in spa- 
tial direction of the spectra. Additionally, the sky bands used for 
the determination of the photometry were adjusted according to 
the new mask position. 

The results of the data reduction process are the spectrally 
dispersed correlated flux Fcor('l) (from the interferometric mea- 
surement), the total flux spectrum f tot(/l) (from the photometric 
measurement, corresponding to an aperture of 0.52 x 1.1 arcsec^) 
and the visibility spectrum V{A) (derived from both the interfer- 
ometric and the photometric data). For an ideal measurement, 
V - f cor/^^tot- In practice, howev er, this is often not the case (for 
a detailed discussion, we refer to lTristramll2007l) . 

For sources as weak as those discussed here, the statistical 
errors determined by EWS have to be considered with caution. 
Especially, the photometry can have unrealistically large errors. 
These come from the variations of the flux induced by the back- 
ground residual. Extremely large errors were simply truncated 
corresponding to a relative error of 90 %. The large errors of the 

^ The software package "MIA+EWS" is available for download at 
|http : / /www ■ strw . leidenuni v . nl/~nevec/MIDI/index . html | 
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photometry propagate into the visibility, but not into the corre- 
lated flux due to its direct calibration. The latter seems to have 
rather too small errors. 

Due to the low quality or the incompleteness of several data 
sets, especially the photometric components, special data re- 
duction procedures had to be applied to obtain meaningful re- 
sults. The photometric data were completed or their quality im- 
proved by mainly using the three following methods: (1) where 
no photometry observations were carried out at all, photometry 
data obtained in conjunction with another fringe track were used 
to complete the data set; (2) if only one of the two photomet- 
ric measurements contains a useful signal (e.g. if there was no 
AO correction for one of the two telescopes during chopping), 
only that photometry was used to determine the total flux and 
(3) for strong background residuals, only those portions of the 
photometry integration where the background residual is rela- 
tively flat were used for the determination of the total flux spec- 
trum. A description of which method and which additional steps 
were carried out for each of the individual sources is given in 
AppendixlAl 

3.4. Compilation of comparison spectra 

In order to check whether the MIDI data are reasonable and 
in order to be able to interpret the correlated fluxes where no 
or only a questionable total flux spectrum was observed, addi- 
tional mid-infrared spectra were compiled. Preference was given 
to data obtained with the highest angular resolution. For lack 
of alternative (no high resolution ground-based spectra avail- 
able), Spitzer spectra were retrieved from the archive for several 
sources. The Spitzer spectra used for our comparison were ob- 
served with the Short-Low (S L, A/6A ^ 60-120 ) module of IRS, 
the InfraRed Spectrograph dHouck et al.l |2004|) on the Spitzer 
Space Telescope, in staring mode. The nuclear spectra directly 
delivered by the pipeline, version S15.3, were used, without ap- 
plying further correction factors. Note that a direct comparison 
of the Spitzer IRS spectra with MIDI data is only possible with 
reservations due to the large difference in the apertures of the 
two instruments (3.6 x 6.0arcsec- for IRS and 0.5 x 1.1 arcsec^ 
for the total flux in MIDI). This is especially the case for sources 
also harbouring a nuclear starburst and thus displaying extended 
emission in the infrared, such as NGC 7469 (see Sect. 14.7b . The 
Spitzer spectra thus have to be seen as upper limits to the ones 
measured by MIDI. 

4. Results 

The results of the measurements are presented for those 
seven sources where useful data could be obtained. These are 
NGC 1365, MCG-05-23-016, Mrk 1239, NGC 4151, 3C 273, 
IC 4329A and NGC 7469. For the remaining three sources 
of the snapshot survey, no useful data could be obtained: 
for NGC 3281 and NGC 5506, no measurements with MIDI 
were possible at all, because no stable AO correction could be 
achieved with MACAO using the extended nuclei for guiding. 
For IRAS 05189-2524 the interferometric signal was too weak 
for fringe tracking (see Appendix lA.2b . 

For those sources where both an interferometric measure- 
ment as well as a proper measurement of the total flux spec- 
trum was carried out with MIDI, a very crude estimate or a limit 
on the size of the emission region can be derived assuming a 
Gaussian brightness distribution. A Gaussian flux distribution is 
the simplest and most general initial guess for the shape of the 
source. Even if the true shape of the flux distribution differs from 



a Gaussian, it provides us with a correct scale of the spatial ex- 
tent of the source. 

The full width at half maximum FWHM(A) of the Gaussian 
brightness distribution is related to the visibility V{A) and the 
projected baseline length BL by 



FWHMiA) = V- In 2 -In V{A). 

BL 71 



(1) 



By definition, FWHM{A) = when V{A) = iB Because of the 
nonlinear dependency of the FWHM on the visibility in Eq. [T] 
the upper and lower limits on the FWHM were calculated di- 
rectly from the upper and lower limits of the visibility. 

4.1. NGC 1365 

The large, barred spiral galaxy NGC 1365 is located at a dis- 
tance of 18.3 + 3.3 Mpc (1 arcsec — 90pc, ISilbermann et al.l 
1999^ in the Fornax cluster of galaxies. The Seyfert type of this 
galaxy is v ariable. This is seen as prime evidence for a clumpy 
torus (e.g. iRisaliti et al.ll2009l and referen ces therein). An ex- 
tensive overview of this galaxy is found in iLindbladI (1 1 9991) . In 
the mid-infrared, TIMMI2 data show that the nucleus is sur- 
round ed by 7 individual sources within 20 ar csec from the nu- 
cleus (iGaUiano et al.ll2005l; iRaban et ani2008h . which are inter- 
preted as embedded young star clusters. The nuclear source it- 
self shows a slight extension in E-W direction in the data from 
G alliano et al., but this extension has not been confirmed by 
iRaban et al.1 (|2008|). A TIMMI2 spec trum of the nucleus is pre- 
sented in Siebenmorgen et all (|2004|) . It is featureless and flat, 
without any evidence of silicate absorption or emission. 

The MIDI data are presented in Fig. |2] In the left col- 
umn, the correlated and total flux spectra for the three differ- 
ent baseline lengths and orientations at which the source was 
observed are shown together with the TIMMI2 spectrum from 
ISiebenmorgen et all (|2004|) . Neither the total nor the correlated 
fluxes show indication of a silicate feature, consistent with the 
featureless TIMMI2 spectrum. Our total flux spectra show a 
continuous increase of the spectrum from ~0.25 Jy at 8 fim to 
~0.50 Jy at 13 yum, except for the second measurement (Fig.l^t), 
where up to 30 % lower flux values were measured. The MIDI 
spectra thus seem to be slightly lower than the spectrum obtained 
with TIMMI2. Nevertheless, aU of the MIDI total flux spectra 
are consistent with each other and with the TIMMI2 spectrum 
when taking into account their large uncertainties. These uncer- 
tainties are caused by the residuals of the background subtrac- 
tion which are especially strong for the second measurement. 
We consider the variations among our measurements as an in- 
dication of the applicability of our data reduction methods and 
of the true uncertainty in the determination of the total flux. The 
correlated fluxes on the other hand rise from ~0.15 Jy at 8/im 
to ~0.30 Jy at 13 //m and are hence below the level of the total 
flux measurements (Fcor < ^^tot)- About 30 to 40 % of the nuclear 
mid-infrared flux is resolved by our interferometric set-up. 

A comparison of the three correlated flux spectra and the 
corresponding visibility spectra is given in Fig.|2}l and e respec- 
tively. Taking into account that a longer baseline length means 
a higher spatial resolution, the source appears more extended 
along PA - 31° than along PA - 112°: the correlated flux at 
PA - 31° tends to be slightly lower than that at PA - 112°, 
despite the longer baseline and the consequently higher spatial 



^ Theoretically, V(A) cannot be greater than 1 . Practically, however, 
it is not uncommon to obtain V(A) > 1 simply due to the error of the 
measurements. For such cases we set FWHM = 0. 
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Fig. 2. Correlated and total flux spectra, visibilities and size estimates for the three interferometric measurements of NGC 1365. 
For sake of clarity, the error bars for the MIDI data are given for every tenth wavelength bin. In the left column, panels a)-c), the 
correlated (blu e) and total (green) flux spec tra are displayed for each of the three baseline orientations. For comparison, the TIMMI2 
spectrum from I Siebenmorgen et al.l (l2004l) is also shown (dotted line). In panel d) the three measurements of the correlated flux are 
shown together in a single plot. Panels e) and f) show the visibility spectra and the derived FWHM of a corresponding Gaussian flux 
distribution, respectively. The size estimates at 12 jim used in Sect. l6.2l are indicated in panel f) by filled circles. 
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Fig. 3. Results of the interferometric measurements with MIDI for MCG-05-23-016 {left column) and for Mrk 1239 (right column). 
In the first row, t he correlated (blue) and the to tal (green) flux spectra are displayed. For comparison, the VISIR spectrum for MCG- 
05-23-016 from lHonig et al.l din preparation ah and the Spitzer spectrum for Mrk 1239 are also plotted (dotted lines). In the second 
row, the visibilities are shown. The last row shows the FWHM of a corresponding Gaussian flux distribution. The size estimates at 
12 fim (see Sect. 16.21 ) are indicated by filled circles. For the sake of clarity, the errors of the MIDI data are only indicated for every 
tenth wavelength bin. 
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resolution for the measurement at PA = 112°. The same conclu- 
sion follows from the visibilities: the two visibilities at PA - 93° 
and 1 12° are still consistent with an unresolved source (i.e. with 
y = 1), while the visibility at PA = 31° indicates that the source 
is partially resolved. 

The angular sizes derived from the visibilities according to 
Eq.[T]are displayed in Fig.|2]F. The assumed Gaussian brightness 
distribution has an angular extent between 5 and 30 mas. Like 
the correlated fluxes or the visibilities, the size estimates show 
evidence for an asymmetry with a larger extent of the source 
(~20mas) along PA - 31° and a smaller size (~ 10 mas) along 
PA = 112°. At the distance of NGC 1365, 20 mas correspond 
to 2pc, which sets a strong limit on the global size of the dis- 
tribution of warm dust in the nucleus of this galaxy. We note 
that, if our tentative detection of an elongated structure along 
PA ~ 31° can be con firmed, it would not agree with the E-W 
elongation claimed bv lGaUiano et al.l (|2005|) . It would, however, 
lie more or less perpendicular to the ion isation cone at PA ~ 130° 
dWilson & Tsvetariovll994tlHielm & L indbla d 19961) and flie ra- 
dio "jet" at PA = 125° dKinnev et al.ll2OOO0 . 



4.2. MCG-05-23-016 

MCG-05-23-016 (ESQ 434-G40) is a lenticular Se yfert 2 galaxy 
at a d istance of 35 Mpc (vhei = 2544 + 12 km s~'. Fwegner et all 
I2003t 1 arcsec = 170 pc), which has been studied mostly for 
its X- ray emission (e.g. iBalestra et al.ll2004l: iMattson & Weaveil 
|2004|) . Its mid-infrared spectrum is characteristic of this type 
of nucleus, rising strongly towards longer wavelengths and it 
displays a very s hallow silicate absorption feature (see also 
lFrogeletal.lfT982h . 

The data obtained with MIDI are shown in the left column of 
Fig. [3] The values measured for the total flux are on the order of 
0.3 Jy from 8 to 10 /im and then continuously increase to 0.8 Jy 
at 13/im. Hence, the spectrum i s in excellent agreement with 
the VISIR spectrum presented in iHonig et"aLl din preparation ah 
and with our TIMMI2 photometry: 0.65 + O.lOJy at 11.9//m. 
We are confident that the total flux values measured by MIDI 
are accurate for this galaxy. The correlated flux is considerably 
lower than the total flux (Pcoi- < ^^tot), indicating that the emitter 
in the mid-infrared is partially resolved: roughly between 30 % 
(at 1 3 fim) and 50 % (at 8 yum) of the nuclear flux are resolved out 
by our interferometric measurement. This is also reflected by the 
visibility which is on the order of 50 to 70 % (see Fig.lSji)- 

Assuming a Gaussian flux distribution, an upper limit for 
the emission region in MCG-05-23-016 can be derived: at A - 
12 fim it has a size of less than 23 mas, which corresponds to 
less than 4.0 pc at the distance of this galaxy (see thick error 
bar at A = I2fim in Fig.[3j3). From the fact that this source is 
slightly resolved, we similarly deduce a lower limit for the size 
of the emission region, which is roughly 9 mas and corresponds 
to 1 .5 pc in MCG-05-23-016. 



4.3. Mrk 1239 

Mrk 1239 is a narrow-line Seyfert 1 (NLSl) galaxy located at a 



distance of about 80 Mpc (vhei = 5747 kms '. lBeers et al.ll 19951: 
1 arcsec = 380 pc). Its unresolved near-infrared emission shows 
a strong bump at 2.2 /im which is interpreted as very hot dust 
near its sublimation temperature (T ~ 1200 K), very likely lo- 
cated both in the upper layers of the torus and close to the apex 
of th e polar scattering region dRodrfguez-Ardila & Mazzalavl 
l2006h . While the source appears unresolved with a flux of 



NGC 4151 (BL=36m, PA=6r) 

— total flux F,„, 

— correlated flux F^.^^ 

— - - Spitzer IRS 




avelength A [Mrn] 



Fig. 4. Correlated (blue) and total (green) flux spectra for the nu- 
cleus of NGC 4151. Also plotted is the spectrum obtained with 
Spitzer (dotted line) which clearly shows the [Arm], [Siv] and 
[Nen] emission lines at 9.0 /^m, 10.5 yum and 12.8 jum respec- 
tively (cf. also Fig. 1 in Weedman et al. 2005). For the sake of 
clarity, the eiTors of the MIDI data are only indicated every tenth 
wavelength bin. 



0.64 ± O.lOJy in th e TIMM I2 image at 11.9yum dRaban et al.1 
|2008|) . iGorjian et al.l d2004h detected an approximately 1 arcsec 
long extension from the nucleus to the northwest. 

The coiTclated and total flux spectra, the visibility spectrum 
as well as the derived sizes for a Gaussian brightness distribu- 
tion are displayed in the right column of Fig. |3] panels d)-f), 
respectively. The MIDI total flux spectrum is rising from 0.4 to 
0.6 Jy. It is slightly lower but still consistent with the Spitzer 
spectrum as well as with the 0.64 Jy measured with TIMMI2 at 
11.9 yum (cf. Table[Tli. The overall shapes of the MIDI and Spitzer 
spectra agree well: they both exhibit the silicate feature in emis- 
sion (slightly convex shape of the spectra). The good agreement 
between the MIDI and Spitzer spectra despite the difference in 
apertures can be explained by the nature of Mrk 1 239 as a Seyfert 
1 galaxy without evidence of a starburst, thus implying a com- 
pact, solely AGN dominated emission region in the mid-infrared. 
The coiTelated flux spectrum is slightly lower than the total flux 
spectrum, although they are consistent with each other within the 
errors. As a consequence, the mid-infrared source in this nucleus 
is only slightly resolved, if at all. This can also be seen from the 
visibility, which is larger than 80 %, with errors on the order of 
20 %. From the upper limit on the full width at half maximum 
of an assumed Gaussian flux distribution we conclude that the 
mid-infrared source in Mrk 1239 most likely has a size of less 
than ~18 mas, that is, less than 7 pc. 

4.4. NGC 41 51 



At a distance of 13.6 Mpc (vhei - 997 + 3kms ' . iPedlar et"aD 
II992; 1 arcsec = 6 5 pc), NGC 4151 hosts the closest and bright- 
est (Fn = 1.4 Jy. iRadomski et al.ir2003h Seyfert 1 nucleus. It 
has been extensively studied at all wavelengths. High res olution 
mid-in f rared observatio n s are pres ented in [N eugebau er et al.l 
dl990h . IRadomski et al] d2003h and ISoifer et alj (|2003|) . They 
show that <70 % of the total mid-infrared flux comes from a 
core component with a size of <10pc, while the rest origi- 
nates in extended emission from dust in the narrow line region. 
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Fig. 5. Results for 3C 273. Panel a) shows the spectrum of the correlated flux measured with MIDI on 2007 Feb 07 (blue line) 
compared to the intermediate band photometry with VISIR (green dots) and a Spitzer spectrum from 2007 Feb 28 (dotted line). For 
the VISIR data, the error bars in the wavelength direction correspond to the width of the filter at half of the maximum transmission. 
In panel b), the MIDI measurements from 2008 Apr 22 are plotted together with a Spitzer spectrum from 2007 Jun 28. The Spitzer 
spectrum in panel b) was observed four months after the one displayed in panel a), nevertheless both are almost identical. Due to 
the relatively high redshift of this source (z = 0.158), the wavelength range plotted was shifted. For the sake of clarity, the errors of 
the MIDI data are only indicated every tenth wavelength bin. 



Observations with the Keck Interferometer have shown that the 
near-infrare d emission of the nucleus is very compact (<0.1 pc, 
ISwain et al.ll2003i) . 

The results of the MIDI observations of NGC 4151 from 
February 2007 are displayed in Fig. |4] together with the Spitzer 
spectrum. The total flux spectrum rises from ~0.5 Jy at 8 yum to 
~1.3 Jy at 13 jum. Its general shape agrees with the shape of the 
Spitzer spectrum, although it is lower by a factor of 30 to 50 %. 
None of the smaller scale variations can be trusted and the de- 
crease of flux below 8.2 and around 9.7 yum is due to an inad- 
equate removal of the absorption caused by water and ozone 
in the Earth's atmosphere during calibration, especially at the 
high airmass at which this source was observed. The Spitzer 
and the MIDI spectra are consistent with the flux being dis- 
tributed in an unresolved "core" and an extended component 
as described bv lRadomski et al] ( |2003|) when accounting for the 
difference in the apertures. The correlated flux spectrum is even 
lower, on a level between 0.1 and 0.3 Jy, implying that the mid- 
infrared source is clearly resolved. With a baseline length of 
BL = 35.8 m and assuming a visibility of V - /^cor/^^tot ~ 20 % 
at A ~ 12//m, we obtain a size of the emission region on the 
order of 45 mas, which is ~3pc at the distance of NGC 4151. 
That the emission appears to be resolved on such scales shows 
that most of the mid-infrared emission is of thermal origin. The 
size derived here is sig nificantly smaller than the lOpc from 
iNeugebauer et al.l ( Il990h but well ab ove the estimated inner ra- 
dius of the torus, nnner - 0.04 pc dMinezaki et alj l2004h . A 
full anal ysis of the MIDI dat a of this source will be given in 
[Burtscher et aLllin preparation! 

4.5. 3C 273 

3C 273 (PG I2 26-H023) was the first quasar to be discovered 
( ISchmidtilI963h . As it is the brightest object of its kind and be- 
cause it exhibits a one-sided jet which is visible from the radio 
regime to y-rays, it is one of the best observed and studied AGN. 
The quasar is located at a redshift of z = 0.158, which corre- 



sponds to a distance of 650 Mpc (1 arcsec = 3.1 k pc, Schmidt 
1963!). A detailed review of the source is given by ICourvoisiei 
(.19981) . 

The results of our measurements are shown in Fig.|5] Due to 
the relatively high redshift, the restframe wavelengths probed by 
MIDI are between 6.5 and 11.5yum. For the first measurement 
(panel a)), no total flux measurement could be obtained; only in- 
termediate band photometry could be carried out with VISIR 21 
days after the interferometric observations (see Appendix lA. 6b . 
For the second measurement (panel b)), the total flux spectrum 
has very large errors. Therefore the interferometric data are com- 
pared to Spitzer spectra. These were obtained on two diff'er- 
ent dates: 2007 Feb 28 (one day before the observations with 
VISIR) and 2007 Jun 28. Both Spitzer spectra are almost iden- 
tical. They are well suited for comparison to the MIDI data be- 
cause of the pointlike nature of the nucleus in 3C 273: neither in 



our VISIR ima ging (cf. Appendix |A.6l l nor in our observations 
with TIMMI2 (iRaban et atll2008l) are there signs for extended 
emission. Furthermore, the VISIR measurements are consistent 
with the Spitzer spectra, as are the TIMMI2 measurements. We 
interpret this as an indication that the total flux measured by 
MIDI in 2008 underestimates the true flux of the source. 

The correlated fluxes both rise between 6.5 and 11.5/.<m. 
This is mainly due to the silicate feature in emission, which has 
its peak at 1 1 //m when looking at the entire mid-infrared spec- 
trum (cf. Fig. 1 in lHao et al .1120051) . The measurement on 2007 
Feb 07 has a relatively steep, increasing spectrum and flux val- 
ues consistent with the Spitzer spectrum at the long wavelength 
end. The source appears to be only resolved to a minor frac- 
tion and only at shorter wavelengths. The correlated fluxes from 
2008 Apr 22, on the other hand, follow the Spitzer spectrum at 
levels of 50 to 60%. It thus seems that up to half of the flux 
of the source is resolved, and this despite the shorter baseline 
length and thus smaller spatial resolution. The difference be- 
tween the correlated fluxes may have two causes: (1) the differ- 
ence in baselines or (2) the variability of the source. The two in- 
terferometric measurements were taken with almost perpendic- 
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Fig. 6. Results of the MIDI measurements for IC 4329A. 
The correlated flux spectrum (blue) and the total flux spec- 
trum (green) are compar ed to the TIMMI2 spectrum from 
ISiebenmorgen et aTl ( |2004 dotted line). For the sake of clarity, 
the errors of the MIDI data are only indicated every tenth wave- 
length bin. 
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Fig. 7. Correlated (blue) and total (green) flux spectra of 
NGC 7469. For comparison, the flux r neasured by Spitzer i s 
traced by the dotted line (cf. also Fig. 6 in lWeedman et al.l2005h . 
The total flux, only determined using beam A (UT3), is plotted 
in dark green. For the sake of clarity, error bars are only given 
every tenth wavelength bin. 



ular baseline orientations (PA ~ 31° and fA ~ 128°). Changes 
in the correlated flux could thus be interpreted as an indication 
for an elongated morphology. On the other hand, variability of 
up to ~60 % h as been observed in the mid-infrared at 10.6 /im 
jNeugebauer & Matthews 1999) for 3C 273, so that the varia- 
tions could have been caused by intrinsic changes in the spec- 
trum of the quasar. All Spitzer spectra (the two Spitzer spectra 
shown in Fi g. [5]from 2007 F eb 28 and 2007 Jun 28 as well as the 
spectrum in lHao et al.ll2005l from 2004 Jan 06) show variations 
of less than 10% and are also consistent with the VISIR and 
TIMMI2 photometries. Hence we see no evidence for any signif- 
icant variability during our observations. This is also supported 
by submm data of the source o btained as part of th e monitoring 
program initiated by the SMA (iGurwell et al.ll2007l) : 3C 273 ap- 
peared in a relatively quiescent state in February 2007 and April 
2008. This leads to the conclusion that we mainly measured the 
emission from warm dust which is not expected to change on 
shorter timescales and that the change in the correlated flux is 
more likely to be caused by an elongated morphology. A more 
detailed analysis of the M IDI data for 3C 273 will be given in 
lJafi"e et akllin preparationi 

4.6. IC 4329 A 

IC 4329A is an edge-on spiral gala xy at a distance of 65 Mpc 
(4793±27kms 1 arcsec = 320pc. lde Vaucouleurs et al.ll99lb 
hosting a Seyfert 1.2 nucleus. The nuclear activity might be trig- 
gered by the proximity to IC 4329, a giant elliptical galaxy. As 
one of the brightest X-ray sources, it has been mainly studied in 
this wavelength range. 

Fig.|6]shows the results of the MIDI me asurements as well as 
the sp ectrum obtained with TIMMI2 from ISiebenmorgen et all 
(l2004b . While the MIDI coiTelated flux spectrum seems to be 
well determined, the total flux spectrum has large uncertainties, 
mainly because the measured fluxes for the two telescopes dif- 
fer by more than a factor of 2 (cf. Appendix |A.7| i. The total 
flux spectrum measured by MIDI lies between the slightly lower 
TIMMI2 spectrum and the slightly higher spectra obtained with 



larger apertures, e.g. the Sp itzer IRS spectrum (not shown here) 
or the spectrum presented in lRoche et al.l ( ll99ll) . As the total flux 
measurement with MIDI is consistent with these other spectra, 
we assume the total flux of the source to rise from ~0.5 Jy at 
8 jjm to 1.1 Jy at 13 jjm for the following. The correlated flux is 
slightly lower but nevertheless consistent with these values con- 
sidering the uncertainties. The conclusion is that the nucleus of 
IC 4329A is essentially unresolved. This means that the bulk of 
the mid-infrared emission is concentrated on scales smaller than 
the spatial frequency corresponding to the baseline length for our 
measurement {BL - 46.6 m), that is, on scales roughly smaller 
than 30 mas, which corresponds to ~10pc in IC 4329 A. 

4.7. NGC 7469 

NGC 7469 is a well-studied, barred spiral galaxy at a distance 
of about 65 Mpc (v'hei = 4843 ± 5 km s ' . iSeswick et ai]|2002l: 
1 arcsec - 320 pc), which hosts a classical Seyfert 1 nucleus. 
It is also classified as a Luminous InfraRed Galaxy (LIRG) 
and it harbours a face-on circumnuclear starforming ring with 
a size of 1 .0 kpc (3 arcsec), which has been detected at r adio, 
optical and infrared wavelengths dDfaz-Santos et al 1 120071 and 
references therein). Hig h resolution studies i n the mid-infrare d 
have been carried ou t by lMiles et"an [[ 994): So ifer et al.] ( l2003l) : 
iGoriian et all (|2004 and lGalliano et al.l(i2005t) . They have found 
that 50 to 60 % of the total mid-infrared emission in the centre of 
this galaxy (i.e. within ~6 arcsec = 2 kpc) originate from the star 
forming ring, while only the remaining 40 % to 50 % (~0.5 Jy) 
can be ascribed to the compact nuclear source. U sing decon- 
volved images obtained with the Keck telescope, I Soifer et aU 
(l2003l) marginally resolve the nuclear source. They report a 
structure of (<0.04) x 0.08 arcsec (13 x 26 pc) with a position 
angle of 135°. 

The results of the first MIDI observing run are shown in 
Fig. 13 These, however, need to be discussed: we find a sig- 
nificant difference between the pipeline reduced total flux spec- 
trum (thin green line) and the one obtained only from beam A 
(UT3, see Appendix |A.9l thick green line). Which one is credi- 
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ble? The best mid-infrared spectrum available for comparison is 
from Spitzer To a large degree, it contains the flux from the star 
forming ring, as can be deduced from the prominent PAH fea- 
tures and emission lines. It is therefore an extremely conserva- 
tive upper limit for the MIDI data and the expectation from the 
mid-infrared imaging is that the total flux measured by MIDI 
should be roughly half of that of Spitzer. As the pipeline re- 
duced spectrum lies above that of Spitzer for most of the N band, 
we consider this determination to be erroneous. On the other 
hand, the total flux spectrum only determined using beam A is 
on levels of roughly 50 to 80 % of the continuum component 
in the Spitzer spectrum and it is consistent with th e photomet- 
ric values published for the nucl ear component in ISoifer et alj 
(l2003h : lGaniano et al.l ( l2005h and lRaban et all (|2008|): 0.65 Jy at 
12.5 yum, 0.56Jyat 11.9^(m and 0.67 Jy at 1 1 .9 yum respectively. 
Therefore we consider the total flux only using the A photometry 
as the best estimate for the total flux spectrum, Ftot- 

From Fig.|2]it appears that the correlated flux spectrum, with 
^cor ~ 0.1 - 0.2 Jy, is significantly lower than the total flux spec- 
trum, i.e. Fcor < Ftot- Our interferometric observations were ob- 
tained with a position angle of PA = 45°, which is more or less 
along the minor axis of the extended structure from lSoifer et al.l 
(l2003b . The fringe spacing of the interferometer with a base- 
line length of BL - 46 m is on the order of 25 mas (=8 pc in 
NGC 7469). Due to the large errors in our data and especially 
the large uncertainty in the total flux spectrum, the determina- 
tion of a size estimate is very ambitious. But considering that 
fringes could be tracked and that the correlated flux seems to 
be significantly lower than the total flux, the overall size of the 
source cannot be much different from the fringe spacing. Hence, 
we estimate the size of the dust distribution to be on the order 
of 10 pc. Note that, for the measurement on the second baseline 
with BL = 51 m and PA - 107°, the correlated flux seems to 
have been even lower, because no fringes could be tracked (see 
Appendix |A.9t . This could be an indication that the source is 
slightly more resolved in this direction. This would be in rough 
agreem ent with the extended structure described bv lSoifer et alj 
( |2003|) . More data with a higher signal to noise ratio will be 
needed to confirm this speculation. 

5. Summary of the observations and their 
implications 

In the MIDI AGN snapshot survey, interferometric observations 
in the mid-infrared were attempted for a set of ten AGN. Out 
of these ten sources, an interferometric signal could be detected 
for eight sources and only for two no measurement with MIDI 
was possible at all. For the latter two sources (NGC 3281 and 
NGC 5506, see Appendices IA.4I and |A.8l l, no stable AO cor- 
rection could be obtained with MACAO using the optical nu- 
clei of these two galaxies. Hence, the observation failed during 
the acquisition process and not because an interferometric sig- 
nal could not be detected by MIDI. For all of the eight sources 
where a stable AO correction could be achieved at some point, 
an interferometric signal was detected. This means that the true 
detection rate of a fringe signal by MIDI itself for the AGN in 
the snapshot survey is 100 %. For all except one of these eight 
sources, fringes could also be tracked, that is, the zero OPD po- 
sition could be continuously determined. Only for IRAS 05189- 
2524, the online tracking software was not able to determine the 
zero OPD position. This was only possible in post-processing 
(see Appendix |A.2| ). For six of the seven remaining sources, the 
faintness and extent of the nuclei in the optical were still chal- 
lenging for MACAO. Mainly the photometric observations were 



afl^ected by having to use the AO systems at their limits: in many 
cases a stable AO correction was not possible while chopping. 
The chopping constitutes an additional complication for the AO 
system, since in every chopping cycle the AO loop has to be 
opened for the off target position (sky position) and then closed 
again for the on target position. On the other hand, for the in- 
terferometric measurement no chopping is needed and generally 
a more stable AO correction is achieved (see Sect. [3]). Only for 
MCG-05-23-016 were there no AO problems at ah. In fact, this 
is the only galaxy from the snapshot survey, where the AO cor- 
rection was performed using a separate Coude guide star. For all 
other galaxies, the more or less extended and obscured nuclei 
were used. 

The overall perfomance of the adaptive optics systems de- 
pends on several factors, the most important being (1) the per- 
formance of the individual adaptive optics units, (2) the bright- 
ness and spatial extent of the object used for guiding and (3) the 
atmospheric conditions. For (1) we note that, during our obser- 
vations, the MACAO unit on UT2 caused the bulk of the prob- 
lems. In general, this unit produced a worse wavefront correction 
- resulting in a reduced PSF quality - than the other units and it 
was often this unit which failed totally to close the loop. A more 
robust correction is achieved using bright and pointlike Coude 
guiding sources. To date, for all except one of the faint sources 
observations have been tried with Coude guiding on the nucleus, 
although for some of the sources a possible guide star is in range 
(see Table 121). Especially in the case of NGC 7469, and maybe 
also for NGC 3281, future observations should be tried using the 
guide star available. Finally, the probability of a stable AO cor- 
rection depends sensitively on the atmospheric conditions at the 
time of observation: good seeing conditions and long coherence 
times increase the chances of a stable AO correction and hence 
are necessary for the interferometric observation of faint AGN 
with the VLTI. 

From the high detection rate of fringes in the snapshot sur- 
vey, we deduce that the ultimate limit for the detection of an in- 
terferometric signal with MIDI has not yet been reached. From 
our data on IRAS 05189-2524, we infer that the limit for the 
detection and tracking of fringes with MIDI is on the order of 
0. 1 to 0.2 Jy. This limit is however only reached when an opti- 
mised mask and optimised data reduction settings are applied. 
At the moment, this can only be done in post processing. For the 
current implementation of the software at the VLTI, the limit is 
approximately a factor of 2 higher, on the order of 0.3 Jy. Simply 
using longer integration times and redundant measurements will 
not improve the detectability of even weaker sources, as it will 
not be possible to continuously determine the zero OPD posi- 
tion in real time. An external fringe tracker will be necessary, 
if even fainter sources are to be observed. Furthermore, we note 
that the detection and the recording of the interferometric signal 
is normally not the only goal of a MIDI observation. Instead, full 
data sets consisting of both the interferometric signal as well as 
the photometry are required to scientifically evaluate the data. 
This is especially the case if only a few visibility points are ob- 
served (as is the case for the sources presented here) and if a 
direct comparison between several measurements of the corre- 
lated flux at different baseline lengths and orientations is not 
possible. Even if a stable AO correction is achieved, the main 
limitations are still connected with the robust determination of 
the total flux spectrum from the photometry: it is the total fluxes 
that show large (statistical) errors due to the constant variabil- 
ity of the background in the mid-infrared. Even for stable atmo- 
spheric conditions, total fluxes on the order of 1 .0 Jy have a sta- 
tistical error of up to 20%. Less stable atmospheric conditions 
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Table 3. Characteristics derived from the interferometric obser- 
vations of the AGN in the snapshot survey (marked by asterisks) 
and other AGN studied by MIDI. 





Galaxy 




D 


BL 


^tot,12fim 


-^cor,12/im 


■5l2fira 




name 


type 


[Mpc] 


[m] 


[Jy] 


[Jy] 


[pc] 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 




NGC 1068 


Sy 2 


14 


33.6 


16.50 


4.00 


3.2 




NGC 1068 


Sy 2 


14 


79.9 


16.50 


1.20 


>1.8 


* 


NGC 1365 


Sy 1.8 


18 


46.6 


0.51 


0.28 


2.0 


* 


NGC 1365 


Sy 1.8 


18 


54.4 


0.34 


0.25 


<2.7 


* 


NGC 1365 


Sy 1.8 


18 


62.3 


0.47 


0.32 


1.1 


* 


MCG-05-23-016 


Sy 2 


35 


46.1 


0.60 


0.35 


2.8 


* 


Mrk 1239 


Sy 1.5 


80 


43.0 


0.57 


0.48 


<7.0 




NGC 3783 


Sy 1 


40 


68.6 


1.25 


0.50 


3.6 




NGC 3783 


Sy 1 


40 


64.9 


1.02 


0.54 


3.1 


* 


NGC 4151 


Sy 1.5 


14 


35.8 


1.21 


0.27 


>2.6 


* 


3C 273 


QSO 


650 


36.7 


0.32 


0.32 


<67. 


* 


3C 273 


QSO 


650 


29.7 


0.29 


0.20 


<108. 


* 


IC 4329A 


Sy 1.2 


65 


46.6 


1.00 


0.75 


<10.8 




Circinus 


Sy 2 


4 


20.7 


10.20 


1.80 


>1.5 




Circinus 


Sy 2 


4 


62.4 


10.20 


1.10 


>0.6 


* 


NGC 7469 


Sy 1.2 


65 


46.4 


0.70 


0.17 


10.5 



Notes: The columns are (1) the name, (2) the type and (3) the distance 
of the galaxy (all repeated from Tab. [T); (4) the baseline length for the 
respective observation; (5) the total and (6) correlated fluxes at 12yum 
as well as (7) the approximate size of the emitter at 12yum. 



immediately lead to larger statistical errors, as can be directly 
deduced fro m the MIDI obse rvations of Centaurus A (see Fig. 1 
in iMeisenhei mer et al. I l2007h . Due to these limitations, for very 
faint sources, it may be better to skip the photometric measure- 
ments and use relative changes among the correlated fluxes to 
characterise the emitter. This is, in fact, how observations are 
commonly carried out with radio interferometry. 

In general, the MIDI data nevertheless appear to be reason- 
able and trustworthy. Especially the good agreement between the 
MIDI measurements and the mid-infrared data used for com- 
parison in the case of MCG-05-23-016 and Mrk 1239 is reas- 
suring. It shows that MIDI produces reliable results even at its 
sensitivity limit when the observational strategy is adapted ac- 
cordingly and when complete data sets are obtained. For faint 
sources, it is imperative to carry out MIDI observations with sig- 
nificantly increased exposure times (e.g. NDIT = 8000 instead 
of NDIT - 2000 for the photometry) and a certain degree of 
redundancy (e.g. by repeating the error-prone photometric ob- 
servations) in order to reach an acceptable signal-to-noise ratio. 
This and the often longer acquisition procedure lead to a con- 
siderably larger amount of time, up to 1 h, needed for the mea- 
surement of the science target alone. Together with the calibrator 
observations, a full, calibrated visibility point for a faint source 
thus requires up to 1 .5 h of observing time. 

6. Discussion 

Together with the other AGN observed with MIDI, the data pre- 
sented here make up the spectra with the highest spatial reso- 
lution of cores of AGN in the mid-infrared. They allow us to 
directly analyse the properties of the circumnuclear dust which 
is heated by the central engine of the AGN. 

In the following, two aspects of the sources will be dis- 
cussed in greater detail, namely the properties of their spectra 
(Sect. l6Tt and the size of their emission region (Sect. |672] |. The 
size estimates used in the following discussion are those derived 



in Sect. |4l taken at a wavelength of 12 jim. For those galaxies 
where plots of the wavelength dependency of the size are given, 
i.e. for NGC 1365, MGC-05-23-016 and Mrk 1239, the values 
are marked by filled circles in the respective figures (Figs.|2]and 

The values of the sizes at 12//m are listed in Table |3] for 
every visibility point together with the galaxy type, the distance 
of the galaxy and the baseline length of the MIDI observation. 
Also listed are the correlated and the total flux values at 12//m, 
Fcoi,\2fim and ftot,i2/jm- For A - 12/Ym, the MIDI measurements 
have the highest signal to noise ratio and they are least affected 
by the edges of the N band or the atmospheric ozone absorption 
feature. 

The values for the sources of the snapshot survey were com- 
plemented by values for selected visibility points of other Seyfert 
galaxies, for whic h MIDI restilts h ave been published, that 
is, for NGC 1 068 (Ra ban et alj|2009l) . for the Circinus galaxy 
dTristramet all, 2007) and for NGC 3783 dBeckert et alj|2008l) . 
The sizes for these additional sources were determined in the 
same way as for the sources of the snapshot survey. Due to its 
nature as a radio galaxy with a strong non-thermal component 
in the mid-infrared, Centaurus A was not included in the current 
analysis. 

6.1. Spectral features 

The most characteristic feature of AGN in the N band is their 
absorption or emission by silicate dust, which leads to a broad 
absorption trough or emission bump covering almost the entire 
wavelength range between 8 and 13 fim. For typical geometries 
of AGN tori, the feature is expected to appear in absorption 
for type 2 objects and in emission for type 1 objects. Indeed, 
for most AGN, including the sources of the snapshot survey, 
a silicate absorption or emission feature is present in high sig- 
nal to n oise Spitzer spectra, even if the signature is very weak 
(see e .g. lHao et aL I I2005I: IWeedman et al.ll2005t iBuchanan et al.l 
l2006h . The MIDI spectra presented here only show indications 
for silicate absorption or emission for three sources of the snap- 
shot survey: MCG-05-23-016 (feature in absorption, Seyfert 2 
galaxy), Mrk 1239 (feature in emission, Seyfert 1.5 galaxy) and 
3C 273 (also in emission, type 1 quasar). The feature is rela- 
tively weak in all of these three sources, especially in compar- 
ison to the deep absorption features found in the two brighter 
Seyfert galaxies studied by MI DI, NGC 1068 and the Circinus 
galaxy (both Seyfert 2 ga laxies; iTristram et al.ir2007l: iJafi'e et all 
l2:004t iRaban et aDl2009l) . In fact, it is surprising that the two 
brightest AGN in the mid-infrared also show the strongest ab- 
sorption feature. For the Circinus galaxy and even more so for 
NGC 1068, changes in the silicate absorption depth have been 
observed between the total flux spectra and the correlated flux 
spectra. For the sources of the snapshot survey however, we find 
no significant difference in the feature strength between the sin- 
gle dish measurements (or the spectra used for comparison) and 
the interferometric measurements. While we can thus rule out 
any dramatic changes in the strength of the feature for the sizes 
probed by our interferometric measurements, any small changes 
may be hidden by the low signal to noise ratio of the data com- 
pared to that of the two bright sources. It is interesting to note 
that, for the two type 1 AGN, Mrk 1239 and 3C 273, the peak 
of the emission feature is located at 1 1 fim. The peak is thus off- 
set against the maximum at 9.7 //m of the absorption coefficient 
of interstellar dt ist, which is domina ted by amorphous Olivine 
([Mg, Fel^SiOd. iKemper et al.ll2004 . The shift of the position 
of the silicate feature is best explained by more aluminum-rich 
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Fig. 8. Size of the mid-infrared emitter as a function of its monochromatic luminosity in the mid-infrared for the AGN studied with 
MIDI (filled circles with error bars). Upper and lower limits on the size estimates are marked by arrows. The fitted size-luminosity 
relation for p - 1.8 ■ 10"'^ pc ■ (W)"°^ is traced by the black line. The scatter of the measurements around this relation is 0.6 dex 
(black dashed lines). The physical scales in the respective galaxies corresponding to an angular resolution of 0.3 arcsec (diffraction 
limit of an 8 m class tele scope at 12 fim) are labelled by op en triangles. The si ze of the resolved emission in NGC 4151 (lOpc) from 
iNeugebauer et al.l (1 19901) and in NGC 7469 (-20 pc) from lSoifer et al.1 (|2003|) are shown by open circles. 



silica such as Augite (CaiAliSiO?), which has a higher disso- 
ciation temperature and which also seems to be responsible for 
the changes in the absorption profi le observed for NGC 1068 
(iJaffe et al.ll200l iRaban et ani2009h . 

Finally, we note that there are no signs of the PAH features 
or the line emission, which are seen in the spectra used for com- 
parison (especially for NGC 7469, see Fig.|2ll, in either the cor- 
related flux spectra or in the total flux spectra. The PAH features 
are associated with star formation and are destroyed by the hard 
UV radiation in the vicinity of the AGN. Their absence thus in- 
dicates that the regions we are probing are dominated by the 
radiation field of the AGN. 



6.2. Sizes of the dust distributions 

For simple geometries, the visibility reaches a first minimum 
when the fringe spacing A = A/BL (i.e. the "resolution") of 
the interferometer equals the characteristic size of the source. 
Therefore, the FWHM of a Gaussian distribution is a good esti- 
mate for the spatial scales over which the bulk of the emission 
is distributed, as long as 0.2 < V < 0.8. For V < 0.2, most of 
the flux has been resolved out while for V > 0.8 the bulk of the 
emission remains unresolved. Only lower or upper limits on the 
sizes can be given in these cases. 

One has to be careful not to overinterpret the size values de- 
rived from the interferometric measurements. As shown by mod- 



els of AGN tori (e.g. lHonig et"aDl2006l: ISchartmann et alJl2008h 
or revealed by our detailed studies of the Circinus g alaxy and of 
NGC 1068 (iTristram et al.ll2007l: iRaban et al.ll2009E . the nuclear 
mid-infrared emission of AGN is complex, with structures on a 
variety of size scales. An interferometric detection with MIDI 
merely indicates that the correlated flux that was measured is 



contained in a relatively compact region with a size not much 
more than A. The size scales sampled by the single dishes used 
to derive the total flux spectra are much larger than those probed 
by the interferometer. It is not clear from only one (or very few) 
visibility measurements, how the flux is actually distributed be- 
tween the two characteristic size scales and it is very unlikely 
that the real brightness distribution follows a Gaussian depen- 
dency. This is especially the case for type 1 AGN, where the 
infrared flux is possibly also affected by the flux from the ac- 
cretion disk, which appears as a point source. The limits derived 
from the MIDI data for type 1 AGN are hence not only a mea- 
sure for the size of the dust emission alone, but for the combi- 
nation of the flux of the torus and of the accretion disk. Because 
the point source adds a constant to the visibility, independent of 
the spatial frequency (i.e. also the baseline length), further mea- 
surements (with the same position angle but different baseline 
lengths) must be obtained in order to disentangle the individual 
components. 

For NGC 1068 and the Circinus galaxy, our simple method 
to estimate the size assuming a Gaussian brightness distribution 
can be verified in comparison to fitting a model of the emitter 
to several interferometric measurements. In the present analy- 
sis, the measurements with the shortest and longest available 
baselines for these two galaxies were included. The sizes deter- 
mined by our simple method (see Table [3]l he between the sizes 



of the two cornponen ts of the models in lRaban et al.l (l2009h and 
ITristram et all d2007l) : 1.5 to 4.0 pc for NGC 1068 and 0.4 to 
2.0 pc for the Circinus galaxy. We thus conclude that our size 
estimates are indeed realistic. 

In Fig. [8] the sizes of the emission regions are compared 
to the monochromatic luminosity at 12/im, which is given by 
Lnfjm = 47rD-vFtot,i2/jm with v = 2.5 ■ 10'^* Hz. Studying the 



tot, 12/im 
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sizes as a function of Li2;jm instead of /^tot,i2/jm breaks any de- 
pendency of the size on the distance D, except for selection ef- 
fects (more distant objects being more luminous). The physi- 
cal scales corresponding to an angular resolution of 0.3 arcsec, 
which is the diffraction limit of an 8 m class telescope at 12 jum, 
are also shown for each galaxy (open triangles). As the mid- 
infrared cores of all AGN are essentially unresolved by single 
dish observations, these size scales are strict upper limits for the 
sizes of the dust distributions. 

For similar geometries and volume filling factors, the size 
of the torus at a certain wavelength, s,\, should be a function 
of its monochromatic luminosity, L^, at this wavelength: - 
Pa ■ (L,if -^ or log (i^/pc) = + 0.5 ■ log (L^/W), where and 

are constants largely depending on the volume filling factor 
and/or the optical depth of the torus. The relation reflects that 
an object of twice the size has four times more emitting surface. 
Indeed most of our measurements agree with the above relation 
and for ^= 12yum we find /9i2^m = (1.8 ± 0.3)- 10-i**pc-(W)"°-^ 
and qi2fim = -17.7 + 0.2, respectively. The scatter of the indi- 
vidual sources around the relation is 0.6 dex (see Fig. [S). It can 
be largely explained by the uncertainties in our measurements. 
However, also differences in the actual geometry and orientation 
as well as in the filling factor of the dust distribution have a sig- 
nificant impact on the apparent size of the emission region. For 
an optically thick blackbody emitter with the size s, the lumi- 
nosity is given as Li - ns^vF^biv, T). This can be rearranged to 
s = (7rvFbb(v, r))-°-5 ■ (L,)°'. For p,i = (7ryFbb(v, TT^'^ this is 
identical to the above relation. For a temperature of T = 300 K, 
taken as an average value for the temperatures suggested by the 
slopes of the spectra, we obtain pn^im ~ 1-8 ■ 10"'^ pc ■ (W)"°'^. 
This implies that the mid-infrared emission is consistent with 
originating in a more or less optically thick and thus compact 
dust distribution with an average temperature of 300 K. 

At the first glance, there seems to be a tendency for type 
1 objects to have more extended dust distributions than type 2 
objects: while the nuclear dust distribution in NGC 1068 ap- 
pears relatively compact in comparison to all other galaxies, the 
warm dust in NGC 4151 and NGC 7469 seems to be more ex- 
tend ed than average. Further evid ence in this direction comes 
from lNeugebauer et alj (Il990h and lSoifer etal] (l2003h . who par- 
tially resolved the mid-infrared cores in just these two galaxies. 
Their size estimates, lOpc for NGC 4151 and (<13) x 26 pc for 
NGC 7469, are also shown in Fig. [8] (open circles; averaged to 
~20pc in the case of NGC 7469) and suggest even more ex- 
tended emission regions than measured by our interferometric 
measurements. In the case of NGC 7469, the apparently larger 
extent may partially be explained by a contamination with the 
extended emission from the surrounding starburst to the sin- 
gle dish spectra, although this contamination cannot be very 
large due to the lack of PAH signatures in our total flux spec- 
trum. In the case of NGC 4151, however, there is no circum- 
nuclear starburst contribution that could contaminate the single 
dish measurements. It seems that the warm dust in this galaxy is 
more extended for its luminosity than that of any other galaxy 
of our sample. This is probably caused by the emission from 
dust in the ionisatio n cones, which is exte nded on the scales of 
3.5 arcsec = 230 pc (iRadomski et al.l20 03'). Thus, it appears that 
a major fraction of the mid-infrared emission in this source actu- 
ally originates in the ionisation cones and not in the torus itself. 
Together with the relatively red spectrum at the centre, it seems 
that this galaxy is also a special case according to the standard 
picture in which most of the mid-infrared emission is expected 
to originate in the dusty torus. A more detailed analysis of the 



interferometric data, including new observations, will be neces- 
sary to substantiate this finding. 

Apart from these indications for individual outliers to the 
size-luminosity relation, there is no indication from our data that 
the size of the emission region differs significantly between type 
1 and type 2 objects. That means that the sizes of the distribu- 
tions of warm dust are of the same order in both types of nuclei. 
This is in strong support of the unified picture, where the dust 
distributions in both AGN types are assumed to be the same. 
This finding also agrees well with recent radiative transfer cal- 
culations of clumpy AGN tori, where t he appearance of the tori 
is rela tively similar in the mid-infrared dSchartmann et al.ll2008l 
I2009h . 

6.3. Elongation of the dust emission 

We have tentatively detected an elongated mid-infrared emission 
region for three sources: NGC 1365, 3C 273 and NGC 7469. In 
the latter case, the elongation has been previously detected by 
ISoifer etalJ(l2003h . For NGC 1365, the elongation derived from 
our measurements is roughly oriented perpendicularly to the axis 
of symmetry of the system, which is defined by the axis of the 
radio jet or the ionisation cone. 

This is, again, in agreement with the expectation in the stan- 
dard unified paradigm of AGN and to the results found for 
the three brighter AGN (NGC 1068, the Circinus galaxy and 
Centaurus A), where dust disks roughly pe rpendicular to the 
axis of s ymmetry of the systems were found (R aban et al.ll2009l: 
iTristram et al. 2007; Meisenheimer et al, 2007). More measure- 
ments are, however, needed to confirm these results. 



7. Conclusions 

In the MIDI AGN snapshot survey, high resolution interferomet- 
ric observations of ten active galactic nuclei were attempted in 
the mid-infrared with MIDI at the VLTI. The goal was to deter- 
mine, which further AGN, in addition to the previously investi- 
gated sources NGC 1068, the Circinus galaxy and Centaurus A, 
are suitable for studies with MIDI and to derive first estimates 
for the sizes of the emission regions in the mid-infrared. 

The observations were performed at the sensitivity limit of 
MIDI and of the VLTI. We find that, currently, the main limi- 
tation for the observations is the ability to obtain a stable AO 
correction and to obtain a secure total flux (i.e. single dish) mea- 
surement. No interferometric measurements could be carried out 
for two of the sources targeted, because the nuclei of these galax- 
ies were too faint and too extended for the MACAO systems to 
provide an adaptive optics correction. 

For the remaining eight sources, an interferometric sig- 
nal could indeed be detected and for seven of them the 
signal was strong enough to derive correlated flux spectra. 
Together with the three brighter targets NGC 1068, the Circinus 
galaxy and Centaurus A as we ll as with two f urther AGN, 
NGC 3783 (iBeckert et al.1 l2008h and NGC 424 (iHonig et al.l 
lin preparation bh . this gives a total number of 12 extragalactic 
sources for which fringes could be tracked with MIDI. All of 
these objects are worth further investigations and more detailed 
observations are underway. 

The silicate feature at lOjum is detected in the MIDI data 
for only 3 of the 10 sources. For these three sources, it provides 
evidence for some difference between type 1 and type 2 AGN as 
expected in the unified model: the feature appears in emission 
for one type 1 object and in absorption for two type 2 objects. 
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For the sources where size estimates for the emission regions 
could be determined, we have found that the emission regions 
have sizes between 1 and lOpc roughly scaling with VLmir and 
for more or less optically thick emission. This "size-luminosity 
relation" is consistent with the emission originating in compact 
and warm (T ~ 300 K) dust distributions, which are heated by 
the central engines of the AGN. In the spectral features as well as 
in their sizes have we found no significant differences between 
type 1 and type 2 AGN, indicating that the types of objects have 
similar signatures of their dust distributions in the mid-infrared. 

Larger differences in size appear between individual objects 
and we have found that the individual members of a class differ 
from each other more than suggested by the standard picture of 
the dusty torus. This is in agreement with recent hydrodynamical 
models of AGN tori which show that the mid-infrared properties 
significantly depend on the detailed configuration of the non- 
smooth dust distribution. 
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Appendix A: Remarks on the observations and the 
data reduction for the individual sources 

In the following, the observations and the data reduction for the 
individual sources of the snapshot survey are presented in greater 
detail. The observation log is given in Table I A. Il 

A.1. NGC 1365 

This source was successfully observed several times during the 
observation runs on 2006 Sep 1 1 and on 2007 Nov 24, using the 
UT2 - UTS and the UTS - UT4 baselines, respectively. 

During the first run, the ambient conditions were fair, with a 
seeing of 1 . 1 to 1 .4 arcsec. Although the MACAO unit on UT2 
was unable to securely lock on the extended nucleus under these 
conditions, a fringe signal could be detected and tracked (scil2, 
see Table lA.ll . While the quality of the subsequent photometry 
of beam A is relatively good, no signal is present in the photo- 
metry of beam B; no stable AO coiTection could be achieved 
while chopping on UT2. For this reason, the photometry was re- 
placed by a portion of the A photometry with little background 
variations in order to be able to reduce the data using the stan- 
dard data reduction routines. Additionally to the standard reduc- 
tion routine, which relies on both photometries and yields an 
"averaged two-dish total spectrum" of the source, we determined 
the total flux using only the photometry of beam A for both 
NGC 1S65 and the associated calibrator HD 026 967 (call2). 
The information of beam B was disregarded completely. As for 
the standard data reduction, the calibration was carried out using 
the template spectrum of the star from the database by Roy van 
Boekel (private comm.). We find that the two determinations of 
the total flux spectrum are consistent with each other within a 
fraction of their errors. 

Two further attempts (scilS and scil4) to track the fringes of 
this source on 2007 Nov 24 failed; no stable tracking could be 
achieved. 

More successful observations of the source were carried out 
during the second run, although the ambient conditions were 
comparable to those on 2006 Sep 11. A total of 4 successful 



fringe tracks and two sets of photometric data could be obtained. 
However, the data reduction was again not straight forward due 
to problems with the photometry of the first data set (sciSS): 
the background in the photometry of beam A (UT4) was ex- 
tremely unstable, so that only a subset of the frames, where the 
background is relatively stable, were selected for the data reduc- 
tion. The last three fringe tracks (sciS5, sciS6 and sciS7) were 
observed consecutively without reacquisition of the source and 
the length and orientation of the baseline only changed insignifi- 
cantly. Therefore, the three measurements were almost identical 
and they were averaged to give one visibility point. 

A.2. IRAS 051 89-2524 

For IRAS 05189-2524 (LEDA 17155), a Seyfert 2 galaxy lo- 
cated at a distance of 170 Mpc (12 760 + 54 kms '. lHuchra et al.l 
1 arcsec — 850 pc), two observation attempts were car- 
ried out. Although the acquisition succeeded with UTS on 2006 
Sep 11, it completely failed for UT2. Hence, no data were ob- 
tained on this occasion. Only during the second attempt on 2007 
Nov 24 with the UTS - UT4 baseline, a stable AO correction 
with MACAO was achieved. A very weak signal is present in 
the fringe search, although this was only noticed in post pro- 
cessing using the optimised mask and the parameter settings de- 
scribed in Sect. [3] The fringe track, which was observed "blind", 
i.e. without knowing the exact position of zero OPD at the time 
of the observation, also shows a very faint signal, while the 
OPD drifted over the zero OPD position. However, the signal 
was too weak for the observing software to stabilise the OPD 
and hence not enough frames were recorded to allow a con- 
fident determination of the correlated flux. From the acquisi- 
tion images it seems that the two beams were misaligned by 
more than 2 pixels (=0.17 arcsec), which is slightly more than 
HWHM = 0.15 arcsec, the half width half maximum of the PSF 
averaged over the N band. This means that the beam overlap 
was such that only 75 % of the flux were able to interfere. From 
the few frames where an interferometric signal is present, we 
estimate that the correlated flux rises from ~0.1 Jy at 8/im to 
~0.2 Jy at 1 S fim. Taking into account the correction for the beam 
overlap, the correlated flux in IRAS 05189-2524 seems to have 
been on the order of 0.1 to O.S Jy. This is significantly less tha n 
the total flux spectrum measured bv lSiebenmorgen et al.l (|2004|) . 
which rises from O.S to 1 .0 Jy from the short to the long wave- 
length end of the N band, potentially indicating that the source is 
resolved. Unfortunately, no photometry confirming this conclu- 
sion was observed for IRAS 05189-2524 with MIDI. This case 
shows how important it is to also obtain photometric informa- 
tion even for those sources where no fringes could be detected 
or tracked. Then a lower limit for the size of the emitter could be 
derived. 



A.3. MCG-05-23-016andMrk 1239 

One full visibility measurement for MCG-05-2S-016 and two 
full measurements for Mrk 12S9 were obtained on 2005 Dec 
19. Double photometric measurements of 8000 frames each for 
every visibility point were carried out in order to increase the 
signal-to-noise and to obtain redundant measurements in case 
of problems. Indeed, for the second observation of Mrk 12S9 
(sciOS, see Table I A. ll . the MACAO loop was open for a portion 
of the second photometry of beam B (UT2). The faulty photo- 
metry was replaced by the corresponding one taken during the 
first observation (sci02, see Table lA.ll . 



Table A.l. Observation log for the AGN of the snapshot survey, including the detector integration times (DIT), the number of frames (NDIT) for the fringe tracks and photometries 
as well as the lengths (BL) and position angles (PA) of the projected baselines. The times, ambient values and baseline properties relate to the start of the fringe track. 



Date and time 


Object 




DIT 


NDIT 


Airmass 


Seeing^ 


BL 


PA 


Associated calibrator and comments 


[UTC] 






[s] 


fringes 


phot. 




["] 


[m] 


[°] 






2005 Dec 19: 


UT2 - UT3 


076.B-0038(A) 
















05:07:40 


HD 090 610 


calOl 


0.018 


8000 


2500 


1.72 


0.91 


45.1 


0.9 




ok 


06:39:51 


MCG-05-23-016 


sciOl 


0.018 


12000 


2 X 8000 


1.12 


0.75 


46.1 


24.3 


calOl 


ok 


07:31:59 


Mrk 1239 


sci02 


0.018 


12000 


2 X 8000 


1.14 


0.70 


41.1 


36.3 


cal02 


ok 


08:15:17 


HD 083 618 


cal02 


0.018 


8000 


2500 


1.09 


0.51 


43.9 


41.7 




ok 


08:47:23 


Mrk 1239 


sci03 


0.018 


12000 


2 X 8000 


1.09 


0.55 


44.8 


42.9 


cal03 


second part of photometry B contains no signal 


09:27:55 


HD 083 618 


cal03 


0.018 


8000 




1.13 


1.00 


46.3 


45.3 




replaced missing photometry by that of cal02 


2006 Sep 11: 


UT2 - UT3 


077.B-0026(B) 
















05:00:21 


HD 220 009 


call! 


0.018 


8000 


4000 


1.16 


1.15 


44.1 


45.0 




ok 


06:09:20 


NGC 7469 


scil 1 


0.018 


8000 


8000 


1.35 


1.12 


46.4 


46.3 


calU 


photometry B contains no signal (AO problem on UT2) 


07:00:40 


HD 026 967 


call 2 


0.018 


8000 


4000 


1.24 


1.48 


46.6 


17.9 




bumpy fringe track 


07:42:55 


NGC 1365 


scil2 


0.018 


8000 


8000 


1.06 


1.31 


46.6 


31.1 


call 4 


photometry B contains no signal (AO problem on UT2) 


08:28:27 


HD 026 967 


call 3 


0.018 


8000 




1.08 


1.32 


46.4 


32.1 




replaced missing photometry by that of call 2 


08:44:20 


HD 036 597 


call 4 


0.018 


8000 


4000 


1.15 


1.27 


46.4 


22.5 




ok 


09:36:20 


NGC 1365 


scil 3 


0.018 


8000 




1.03 


1.37 


45.1 


45.7 




no fringe track, no photometry 


09:41:27 


NGC 1365 


scil4 


0.018 


8000 




1.04 




44.9 


46.3 




no fringe track (but weak signal), no photometry 


2007 Feb 07: 


UT2 - UT3 


078.B-0031(A) 
















03:36:01 


HD 08 1420 


cal21 


0.018 


8000 


4000 


1.13 


0.65 


41.4 


33.5 




no offset tracking mode, phot B bad! 


05:41:06 


3C 273 


sci21 


0.018 


8000 




1.37 


0.69 


35.2 


27.0 




no fringe track (started at wrong OPD position) 


05:50:44 


3C 273 


sci22 


0.018 


8000 




1.33 


0.83 


35.8 


28.7 




lost fringe track, no photometry 


06:04:10 


3C 273 


sci23 


0.018 


8000 




1.29 


0.74 


36.7 


31.0 


cal22 


no photometry 


06:08:32 


3C 273 


sci24 


0.018 


8000 




1.27 


0.71 


37.0 


31.6 


cal22 


no photometry 


06:31:50 


HD 098 430 


cal22 


0.018 


8000 


4000 


1.02 


0.60 


45.9 


38.6 




ok 


07:49:59 


NGC 4151 


sci25 


0.018 


8000 




2.27 


0.67 


34.6 


61.9 




no fringe track (but weak signal), no photometry 


08:03:42 


NGC 4151 


sci26 


0.018 


8000 


4000 (A) 


2.29 


0.49 


35.8 


60.8 


cal22 


lost fringe track, only A photometry observed 


08:43:55 


IC 4329A 


sci27 


0.018 


8000 




1.02 


0.62 


46.6 


35.7 


cal23 


no photometry 


08:49:02 


IC 4329A 


sci28 


0.018 


8000 


4000 


1.01 


0.69 


46.6 


36.3 


cal23 


photometry observed after cal23 


09:08:18 


HD 123 123 


cal23 


0.018 


8000 


4000 


1.01 


0.56 


46.6 


36.6 




ok 


2007 Nov 24: 


UT3 - UT4 


080.B-0258(A) 
















00:00:39 


HD 220 009 


cal31 


0.018 


8000 


4000 


1.16 


1.15 


60.9 


108.1 




ok 


01:07:41 


NGC 7469 


sci31 


0.018 


8000 




1.32 


1.08 


51.9 


106.8 


cal31 


no fringe track (but weak signal), IRIS problems on UT3 


01:12:56 


NGC 7469 


sci32 


0.018 


8000 




1.34 


1.17 


51.1 


106.9 


cal31 


lost fringe track, IRIS problems on UT3, no photometry 


01:53:47 


NGC 1365 


sci33 


0.018 


8000 


8000 


1.15 


1.37 


54.4 


92.8 


cal32 


problems with IRIS 


02:38:26 


HD016815 


cal32 


0.018 


8000 


2500 


1.04 


1.46 


61.3 


105.5 




ok 


03:10:23 


IRAS 05189-2524 


sci34 


0.018 


8000 




1.23 




51.1 


96.0 


cal32 


lost track, problems with IRIS, no photometry 


03:33:48 


HD016815 


cal33 


0.018 


8000 




1.04 


1.11 


62.5 


114.0 




no photometry 


03:51:36 


NGC 1365 


sci35 


0.018 


12000 


8000 


1.02 


0.98 


62.1 


108.9 


cal33 


ok 


04:11:21 


NGC 1365 


sci36 


0.018 


12000 




1.02 


0.98 


62.4 


111.8 


cal33 


no photometry 


04:18:56 


NGC 1365 


sci37 


0.018 


12000 




1.02 


0.78 


62.5 


112.9 


cal33 


no photometry 


2008 Apr 22: 


UT3 - UT4 


081.D-0092(A) 
















06:10:08 


HD 107 328 


cal41 


0.018 


8000 


4000 


1.71 


0.66 


36.6 


118.3 




ok 


06:52:20 


3C 273 


sci41 


0.018 


8000 


8000 


2.04 


0.69 


30.7 


126.6 


cal41 


very weak photometry 


07:03:47 


3C 273 


sci42 


0.018 


8000 


8000 


2.21 


0.59 


28.6 


129.8 


cal41 


photometry B contains no signal 



" From the seeing monitor (DIMM) and at 0.5 fim 
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The second observation of the calibrator HD 083 618 was ob- 
tained at the end of the night and no further photometric data 
could be recorded. The data set was completed using the photo- 
metry from the first observation of this calibrator (cal02). 

To obtain the final fluxes and the visibility, the two individ- 
ual measurements of Mrk 1239 were averaged. This is possible 
because the position angle and baseline length only differ in- 
significantly. 

A.4. NGC 3281 

An unsuccessful attempt to observe t he Seyfert 2 galaxy 
NGC 3281 (vhei = 3200 + 22 km s ' . Ffiieureau et alJTT998l: 
D = 45Mpc, 1 arcsec - 210pc) was made during the observ- 
ing run on 2007 Feb 07. MACAO could not lock on the nucleus 
of this galaxy because it was too extended in the visible. As a 
consequence, the source could also not be detected with IRIS 
and no data were obtained at all. 

A.5. NGC 41 51 

Our first observation of NGC 4151 was carried out on 2007 Feb 
07 using the UT2 - UT3 baseline. From the two fringe tracks that 
were attempted, only the second one contains useful data: the 
fringes were clearly tracked for about 40 sec before they were 
lost. Only these 40 sec of tracking were used for the determi- 
nation of the correlated flux. Due to the failure of MACAO to 
keep the loop closed on UT2 while chopping, only the photo- 
metry for beam A contains useful data. A pipeline reduction 
with EWS was performed using the A photometry for beam B. 
The result was double checked by an additional determination of 
the total flux only using the A photometries of NGC 4151 and 
of HD 098 430 alone, as described for the first observation of 
NGC 1365 (see Appendix lA.il ): the two total flux spectra agree 
within 30 %. 

More successful observations were carried out on 2008 Apr 
22 and 2008 Apr 24 with the UT3 - UT4 and the UT2 - UT4 
baselines, respectively. These new observations as well as a full 
analysis for the interferometric data will^be presented in a sepa- 
rate paper. iBurtscher et al..,in preparation! 

A.6. 3C 273 

3C 273 was first observed during the observation run on 2007 
Feb 07. MACAO could not keep the loop closed during chop- 
ping and, as a result, no acquisition images and photometry 
were obtained. Giv en the pointlike nucleus with V = 12.8 mag 
(iTiirler et al.ll2006h and the later success closing the loop on the 
nucleus (see below), the reason for this malfunction remains un- 
explained. Instead, the beams were aligned with IRIS in the K 
band alone. In total, four attempts to track fringes were per- 
formed, however only the last two contain an interferometric 
signal. During the data reduction they were treated as a sin- 
gle, long track. Because no photometric data were available, 
only the calibrated correlated flux could be determined from 
the MIDI data. To obtain a rough estimate for the total flux of 
the source, intermediate band photometry with VISIR was ob- 
tained on 2007 Mar 01, that is, 23 days after the interferometric 
observations. VISIR, the VLT Imager and Spectrometer for the 
mid-InfraRed, provides a long-slit spectrometer as well as a high 
sensit ivity imager in both the N and the Q bands (Lag age et al.l 
12004 . The two filters, in which 3C 273 was observed, were 
PAHl (Aq = 8.59 //m, AA = 0.42 //m) and SiC {Aq = 11.85;um, 



AA = 2.34 jum: ISmette & Vanzil2007h . The calibrator star for the 
VISIR observations was HD 124294. The VISIR data were re- 
duced by combining the chopped and nodded frames in the stan- 
dard procedures for such data. The photometry was extracted 
in a 2.25 arcsec aperture. For the calibration, the template spec- 
trum of HD 124294 from the catalogue by Roy van Boekel (pri- 
vate comm.) was used. The errors were estimated by increasing 
the aperture to 3.00 arcsec and by decreasing it to 1.50 arcsec 
- for both the calibrator and 3C 273 in the opposite way. In the 
VISIR images most of the flux is contained within 1 .5 arcsec and 
flie FWHM of the PSF is 0.39 arcsec and 0.44 arcsec at 8.59 //m 
and 11.85yum, respectively. This is only slightly larger than the 
FWHM of the calibrator star. Therefore, 3C 273 is not resolved 
by the VISIR imaging. 

More successful observations of 3C 273 were obtained on 
2008 Apr 22 with the UT3 - UT4 baseline. Two data sets (fringe 
track plus photometry) were observed directly one after the other 
in order to increase the signal to noise ratio. They were both re- 
duced together because no significant change in baseline length 
and orientation took place between the measurements. The pho- 
tometric measurements have a very low signal to noise ratio. 
This is mainly due to very strong variations in the background 
emission that are insufficiently removed by the chopping. In or- 
der to get non-negative fluxes for photometry A from the first 
data set (sci41, see Table IATI ). a special removal of the back- 
ground was carried out by fitting a 5th order polynomial to the 
sky emission on both sides of the spectrum. During the reduction 
of the photometry, we noticed that different total flux spectra can 
be obtained by changing the mask and the position of the sky 
bands. The alternative results are well represented by the error 
bars of the photometry from EWS. 



A.7. IC4329A 

This target was also observed during the run on 2007 Feb 07. 
At first, the MACAO units on both telescopes could not keep 
the loop closed while chopping. During the interferometric mea- 
surement, however, a stable AO correction was possible. Strong 
fringes were found and tracked in two separate fringe tracks 
(sci27 and sci28, see Table IATTT i. These were combined and re- 
duced as one data set. Only later after the observation of the cor- 
responding calibrator, HD 123 123 (cal23), a stable AO correc- 
tion could be achieved also while chopping. The photometry was 
thus observed in twilight, 1 hour after the fringe tracks. Because 
no proper alignment of the beams was carried out for the photo- 
metry, these are located at different positions on the detector than 
those of the interferometric signal. By consequence, the masks 
had to be adjusted accordingly. Still, the fluxes measured in the 
two beams differ by more than a factor of 2 and must hence be 
considered with caution. 



A.8. NGC 5506 

For the galaxy NGC 5506, which contains a Seyfert 1.9 nucleus 
and is loca ted at a distance of 25 Mpc (ivi = 1850 + 8kms"', 
lKeeilfT996t 1 arcsec = 120 pc), observations were attempted 
on 2007 Feb 07. However, on both telescopes (UT2 and UT3) 
MACAO could not lock on the extended and faint nucleus. 
Hence no data were obtained. 
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A.9. NGC 7469 

Two attempts to observe this source were carried out, the first 
one on 2006 Sep 1 1 with the baseline UT2 - UT3, the second 
one on 2007 Nov 24 with the baseUne UT3 - UT4. 

During the first attempt, a fringe track (scill, see Table I A. ll 
was successfully performed, although the signal was extremely 
weak and the position of the OPD was not always determined 
correctly. As for NGC 1365, there was no AO correction by 
MACAO for the subsequent observation of the photometry of 
beam B (UT2). As a result, the single dish spectrum is very ex- 
tended spatially and it is unclear to what degree it is dominated 
by background fluctuations. For instance, no pronounced ozone 
absorption feature at 9.7 jim is present in the raw data, indicat- 
ing that most of the signal is actually spurious. We therefore only 
selected those portions of the photometry for the data reduction 
where the background residual after chopping is relatively flat. 
Additionally, the total flux spectrum of the source was only de- 
termined by using the information from beam A of the source 
and that of the associated calibrator HD 220 009 (calll), as de- 
scribed in Appendix lA.il 

During the second attempt to observe NGC 7469, the envi- 
ronmental conditions were similar to those of the first attempt, 
with moderate wind and the seeing varying between 1 . 1 arcsec 
and 1 .3 arcsec. This time, however, MACAO obtained a stable 
AO correction on the nucleus. The source was successfully cen- 
tered in MIDI after switching from the SiC to the N8.7 filter and 
increasing the chopping frequency to 2.3 Very faint fringes 
could be detected in the fringe search, however these were too 
faint to assure a stable fringe tracking: in both of the two tracks 
that were performed, the OPD drifted away from the zero OPD 
value. From the few frames where an interferometric signal is 
present, it seems that the correlated flux was on the order of 0.1 
to 0.2 Jy, rising towards longer wavelengths. No photometry was 
observed on this occasion. 
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